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MSTKACT 

Ooqtr dmelopmentfor Sardina pilchardus was atablishtd, and a histologxal clas- 
sqiratiov ofpostouulato? fillirk aging was developed from thu examination of labora- 
toyspawned sardinr. Thu established cri!mia wme compared with those used for field 
colkrttons taka  during the PortupuPse-Spanish joint Egg Produdion Method Suruq 
(Marrh-May 1988). 

Thufraction of maturr jimabs with postomlatory follicks. < 48 hours old, for thu 
Ibman Peninsula was 0.14 (standard deviation = 0.0122), indicating that the m a n  
intrrual bdwem spawnings was approximately 7 days. 
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RESC!bIEN 

Frecuencia de puesta de sardina, Sardina pilchardus (Walb.), en las COStdS de 
la peninsula Iberica. 

.’+ de ta ina  para la especir Sardina pilchardus el proceso del oharrollo ovocitario, 
p SP rlasi3ca histoldgicamtr las diferentes edades de degaeracion de 10s foliculos posto- 
vulatorios par medio del escudio de gonadas & sardinas inducidas artzfinalmte a la 
pue.sta. Los m’terios establecidos sr cornparan con 10s utilizados m muestrus procedentts 
d t  lm rampacas de mvestigacicin para el desarrollo del Mitodo de P r o d d n  h r i a  de 
Humos. realizadas por Portugal 

SP dttmina la fraccidn dt hmnbrus maduras que p o r n  por dia mediante el estudio 
dt 10s fOliculos postovulatorias de tdad maor de 48 horas, que m el cas0 de la sardina 
de la peninsula Ibbica es de 0.14 (demian’on tipica 0.0122). indicando que el intPrvalo 
mrdio mtrr dos puestas pu”iak.~ PS dt 7 diar aproximadummtr. 

Palabras clave: Fraccion de heinbras reproductoras. sardina, peninsula Iberica 

Espaiia conjuntamentr (mano a mayo de 1988). 

INTRODUCTION 

Sar-dine (Sardina pilchardus) spawn m o r e  
t h a n  o n c e  within a s p a w n i n g  season ,  a n d  
p r e s e n t  more t h a n  one m o d e  of a d v a n c e d  
oocytes in the i r  active ovaries (Andreu  a n d  
Pinto,  1937). Estimation of spawning  fre- 
q u e n c y  is essential  to u n d e r s t a n d  t h e  re- 
product ive  biology of a species with a n  in-  
de t e rmina te  a r m u a l  fecundity. T h e  s t and ing  
stock of more advanced  oocytes gives no 

indication of a n n u a l  fecundity. because n e w  
ba tches  a r e  regularly recru i ted  f r o m  small 
u n y o k e d  oocytes du r ing  t h e  spawning  pe- 
riod ( H u n t e r  and Macewicz, 1985). 

Spawning  f requency  a n d  t h e  n u m b e r  of 
eggs re leased  p e r  s p a w n i n g  a r e  required to  
es t imate  a n n u a l  reproduct ive  effon or fe- 
cundity,  a n d  are a l so  needed to  find out 
how these  variabies are related to popula-  
t ion size and age structure  (Hun te r ,  Mace- 
wicz and S iben ,  1986). 
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The first histological work on Sardinu pil- 
chardus was done by Pinto and Andreu 
(1 9.56). By histological examination, they 
found that the fish length at which the sex- 
ual glands of sardine first become outlined 
within the coelom was 37 mm. They also 
found that sexual differentiation took place 
in larvae 45 mm long, and ovaries were 
completely organized in those 100 mm long. 

This paper aims to describe the postovu- 
latory follicle reabsorption process and to 
establish a criteria for determining follicle 
age in order to estimate the spawning fre- 
quency of Sardina pilchardus. 

MATERIAL AND METHODS 

The material used in this paper is based 
on sardine samples collected by pelagic and 
bottom trawls during the Daily Egg Produc- 
tion Method (DEPM) survey held March to 
May 1988 by both Spain (WV Comide de 
Saavedra) and Portugal (R/V Noruega) (see 
tables I to V), and on sardine spawned in 
captivity (12 "C, February 1989). 

Adult sardines captured by commercial 
purse seine during February 1989 were in- 
duced to spawn in the laboratory using the 
technique developed by Leong (1971). 
Three sardines spawned one. 215 mm total 
length ( L  I ) was sacrificed 19 h after spawn- 
ing; the second, 175 mm L (,  died 34 h after 
spawning; and the third, 180 mm L , ,  died 
61 h after spawning. Their ovaries were 
used as a first approach for the establish- 
ment of the histological criteria for deter- 
mining the age of sardine postovulatoy fo- 
llicles. The validated classification system 
obtained was compared with that developed 
for the sea-caught females sampled during 
the DEPM survey. 

Ovaries were removed and preserved in 
two different fixatives: Spain, 10 % buffered 
formalin (NBF) according to Hunter (1985); 
and Portugal, acid-alcohol-formalin (AAF) 
after Bodian (19.17) in Lillie and Fullmer 
(1 976), modified. The second fixative pre- 
sented a high penetration coefficient; even 
large ovaries were well and homogeneously 
fixed. Harris' hematoxylin and eosin 
(H & E) staining procedure was used. 

Histological characteristics of oocytes 

Oocyte development and maturation in 
teleosts has been frequently subdivided into 
many stages. Hunter and Macewicz (1985) 
proposed a simpler histological classifica- 
tion system in which they combined the 
stages defined by former authors into four 
oocyte stages (unyolked, partially yolked, 
yolked and hydrated). We adopted this clas- 
sification system for our work. 

Unyolhd Oocytes 

In this stage, smaller oocytes are distribu- 
ted in an orderly manner along the ovarian 
septa and have no cytoplasmic inclusions. 
They generally exhibit a polygonal section, 
sometimes rectangular and rarely spheric or 
oval. They present a basophilic cytoplasm, 
very densely stained with hematoxylin, and 
a voluminous central nucleus containing 
several nucleoli. Later on, oocytes present 
two different chromatic affinities (H & E): 
the inward zone (perinuclear cytoplasm) 
lightly stained, and the outward zone, which 
presents the same staining as the smaller 
oocytes. These two groups of oocytes were 
classified by Andreu. (1951) as a phase 
(< 100 pm). Macroscopically, they present a 
transparent appearance which corresponds 
to the immature or inactive stage (stage I in 
Andreu and Pinto, 1957). 

Subsequently, the oocytes become more 
spherical, and the perinuclear zone less de- 
fined than in the previous groups. In 00- 
cytes with a larger diameter, the zona ra- 
diata 'appears between the oocyte and the 
growing follicle as a thin, faint eosinophilic 
membrane. The follicle begins to be &ble 
i n  oocytes with diameters between 100 and 
150 pm (Andreu, 19.51) as a thin layer of 
elongated cells .(the beginning of the granu- 
losa cells). 

Partially Yolked Oocytes 

This stage involves oocytes in which vitel- 
logenesis (yolk deposition) begins, determin- 
ing a different staining reaction; the cyto- 
plasm basophilic appearance progressively 
decreases. Oocytes become more spherical, 
and oil vacuoles migrate to the neighbor- 
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hood of the nucleus and become more vo- 
luminous. Delicate striations appear in the 
zona radiata. The follicle layer is thicker, 
and the differentiation between thecal and 
granulosa cells is clear. 

Yolk deposits begin to form near the cen- 
tral cytoplasmatic area as small spherules, 
while the remaining cytoplasm has a baso- 
philic appearance. As vitellogenesis pro- 
ceeds, larger globules spread into the oocyte 
limits when yolk granules reach the perinu- 
clear zone. 

Yolked Oocytes 

Oocytes are more voluminous, and they 
all contain yolk granules throughout the re- 
gion between their periphery and the peri- 
nuclear zone. Vitellogenesis continues, and 
yolk granules vary to large globules. Oil va- 
cuoles fuse at the proximity of the nucleus 
to form a single oil droplet. The zona radia- 
ta streiches and the follicle now corre- 
sponds to a thin membrane that surrounds 
the oocyce. Yolked oocytes macroscopically 
present a yellowish appearance. 

Hydrated Oocytes 

The final stage of vitellogenesis corres- 
ponds to hydration, a rapid uptake of the 
fluid by the follicle (Fulton, 1898, in Hunter 
and Macewicz, 1985). Hydration seems to 
begin when the nucleus has completed its 
migration to the animak pole and, simulta- 
neously, yolk globules begin to fuse, for- 
ming yolk plates. The enlargement of the 
oocyte, which reaches about. 1 mm diame- 
ter, causes the flattening of the thecal and 
granulosa cells as well as the thinning of 
the zona radiata. 

Spawning Frequency 

Two methods have been developed for 
measuring the spawning rate of multiple 
spawning fish (Hunter and Macewicz, 1985). 
Sardine spawning frequency was deter- 
mined using the postovulatory follicle me- 
thod. This method requires a division of the 
processes of deterioration and resorption of 

the follicles into a series of distinct histolo- 
gical stages, each one with a specific age as- 
signed Hunter and Macewicz (1985). 

Since in 1988 no validation system existed 
to classify sardine postovulatory follicles by 
age, the histological characteristics of the 
deteriorating follicles, the time of sampling, 
and the average population peak spawning 
time was used to assign ages to the postovu- 
latory follicles. In February 1989 an artifi- 
cially induced spawning technique was used 
to obtain the time after spawning, i.e. age, 
of sardine postovulatory follicles. These 
ages were then used to confirm the histolo- 
gical criteria applied to the postovulatory fol- 
licles of seacaught females sampled in the 
DEPM survey during 1988 (Olmedo et al., 
1990). 

The classification system for Sardina p ib  
chardus postovulatory follicle ages is de- 
scribed below. Results for Portugal and 
Spain are shown in tables VI to X. Despite 
the relatively few numbers of immature fe- 
males present in the samples in two western 
Cantabrian stations, immature females re- 
presented almost 72 ’% of total females 
sampled (table VII), which may be related 
to a differential distribution of immature 
and mature shoals during the spawning pe- 
riod. 

The incidence of alpha-atresia increases 
in more degenerated postowlatory follicles. 

Age 0-h postovulatory follicks 

Since no laboratory female was sacrificed 
at the moment of spawning, the description 
of age 0-h follicles corresponds to ovaries 
with both new postovulatory follicles and 
hydrated eggs from sea-caught females. 
Cord-like cell layers of collapsing follicles 
form loose folds or loops at ovulation 
(fig. 1). 

Agu 1 9 4  postovulatory follicles 

After spawning, fully collapsed postovula- 
tory folli6les form a much more tightly 
folded or looped structure. It is relatively 
large, irregular in shape, and has an irregu- 
lar lumen. The thecal cell layer is very thin 
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Fig. I.-Postowlatory follicle, age Day-0. Elapsed time from spawning, about 0-5 h. 

Fig. 1 .-Foliculo postowlatono de 0 dias de edad. Tiempo transcumdo desde la puesta de 0 a 3 horas 

and clearly distinguishable from the granu- 
losa layer. T h e  granulosa cells are poly- 
gonal a n d  arranged in an orderly manner  

along the lumen edge. The  granulosa nuclei 
are evident. healthy, and linearly arranged 
(fig. 2). 

Fig. P.-Postowlator). follicle, age 19 h. 

Fig. 2.--Foliculo postmularcrio de 19 horas de edad. 
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derly manner, and present pycnotic nuclel. 
The lumen is very reduced The number of 
postowlatory follicles per section appears to 
diminish. According to Hunter and Mace- 
wicz (1985), this reduction may be related to 
resorption or, alternatively, to the prowth of 
the 1;1iqer no(\tc\ 111 thc n\.irv 

Agc 31-h postovulato?y follacles 

The follicular structure (fig. 3) tends to 
become more compact and shows a less 
irregular shape than the follicle previously 
described. The follicle layer presents fewer 
folds and loops. The thecal layer is still no- 

Fig. 3.-Postovulatory follicle, age 34 h. 

Fig. 3.-Foliculo postovulatorio de 34 horas de edad. 

ticeable and well differentiated from the 
granulosa layer, and contains groups of 
blood cells. The lumen is much reduced 
compared to the previous stage. The ar- 
rangement of granulosa cells is less orderly 
and, in a small number of them, pycnotic 
nuclei are present. 

,- 

Agc 61-h postovulatoly follicles 

The regressing follicle is more shrunken 
and has fewer folds than the 34-h follicle 
(fig. 4). Despite this, identification and clas- 
sification is still possible. The theca layer is 
still present but, in some cases, it is indistin- 
guishable from the granulosa layer. The 
granulosa cells are not arranged in an or- 

Older than 614 postovulatoly follicles 

The comparative analysis of postowlatory 
follicles from laboratory-spawned females 
and sea-caught females confirms that the 
degenerative processes of sardine follicles 
last beyond 61 hours after spawning. Thus, 
it was possible to differentiate another dis- 
tinct stage of postovulatory follicle, with an 
age greater than 61 hours. This group can 
be characterized by a major reduction in 
their structure and occurrence. Generally, 
the follicle presents a triangular shape and 
the theca layer is totally indistinguishable 
from the granulosa layer. The lumen is very 
reduced or absent. 

The persistence of postovulatory follicles 
in the sardine ovary longer than in the 
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Fig. 4.-Postovulatory follicle, age 61 h. 

Fig. 4.-Foliculo postovulatorio de 61 horas de edad. 

northern anchovy (Engraulis mordax) or the 
Peruvian anchovy (Engraulis ringem) but si- 
milar to duration in the Pacific sardine, may 
be  related to differences in water tempera- 
ture. 

RESULTS AND DISCUSSION 

T h e  application of the Egg Production 
Method to the Atlantic Iberian sardine, Sur- 
d i m  pilchardus, required the estimation of 
the spawning fraction. Since spawning frac- 
tion is a daily estimate, the postowlatory 
follicle ages analyzed were grouped into 
four Day classes: Day-0 is ages from 0 to 6 
hours after spawning; Day-1 is ages 18 to 30 
hours; Day-2 is ages 42 to 54 hours; and 
Day-3 is ages older than 60 hours (sampling 
was not on a 2 4 h o u r  basis; therefore, the 
“Days” reflect only ages actually encoun- 
tered). It was decided that the estimation of 
the proportion of females spawning per day 
and per trawl should be  based on the num- 
ber of mature females whose postowlatory 
follicles were classified as Day-1 or Day-2, 

i.e., (Day-1 -t- Day-2)/2 Perez et al., 1992). 
Day-3 follicles were not used since they pre- 
sented ageing difficulties. 

I n  Galicia (Spain), a n  oversampling of 
females with Day-0 follicles was observed, 
biasing the spawning fraction estimate (Pe- 
rez d al., 1992). ,Notwithstanding, in Portu- 
gal the fraction of Day-0, Day-1 and Day-2 
spawners did not reveal significant diffet- 
ences among them, indicating n o  bias in 
the Day-0 proportion (Cunha et al., 1992). 
As a consequence, since Day-0 females can 
be overrepresented in the trawl stations, 
these females were not included in the 
spawning fraction estimate. ’ T h e  adjusted 
spawning fraction estimates by region along 
the Atlantic Iberian coast are summarized 
in table XI. 

T h e  low spawning fraction value for Gali- 
cia compared to the other regions was in 
agreement with sardine adult and egg distri- 
but ions a long  the  Atlantic Iber ian coast. 
Along the Atlantic Iberian coast, the fraction 
of mature female sardine with less than 4 8  
hour-old postovulatory follicles averaged 
0.14 (standard deviation = 0.0122). This in- 
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Aueragt ovary- 
free weigh! (g) 

60.713 
60.136 
66.91 0 
25.208 
62.500 
79.400 
59.71 1 
47.956 
81 309 
83.280 
77.452 
56.050 

dicated that the mean interval between each 
spawning was approximately 7 days. 
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Ciillurltoii 
numhn 

24 
25 
26 
28 
30 
31 
32 
3s 
3.5 
36 
37 

Table I.-Characteristics of the 12 collections of female sardine taken along the Galician coast during the 
DEPM Cruise (April-May 1988). (BT): bottom trawl. 

Tabla I.-Caracteristicas de las 12 colecciones de hembras de sardinas capturadas a lo largo de las costas 
de Galicia en la campafia del DEMP (abril-mayo 1988). (BT): amst re  demersal. 

DaJl 
hFmdd) 

8804 15 
8804 16 
880419 
88042 1 
880422 
880423 
880424 
880424 
880426 
880427 
880428 

1 
2 
3 
6 
8 

12 
I 3 
14 
19 
20 
21 
22 

880401 
880401 
880402 
880406 
880408 
880409 
880409 
8804 10 
8804 12 
880412 
880413 
8804 13 

Tim of day 
fhh.mm) 

17.52 
19.55 
17.22 
20.44 
16..59 
20.45 
22.06 
01.12 
19.28 
20.45 
18.20 
20.47 

ld i fudu 
N 

42" 35.2' 
42" 31.4' 
42" 45.3' 
42O21.9' 
43" 18.9' 
43" 24.7' 
43" 23.9' 
43" 24.7' 
43" 49.9' 
43" 49.1 ' 
43" 41.8' 
43" 35.1' 

Longrtudu 
W 

08" 55.7' 
08" 57.5' 
09" 01.1 ' 
08" 50.7' 
OV56.1' 
08" 31 .I ' 
08" 34.2' 
08" 31.7' 
OT55.1' 
07" 55.0' 
07" 15.7' 
07" 02.3' 

Table 11.-Characteristics of the 11 collections of female sardine taken along the western Cantabrian coast 
during the DEPM Cruise (April-May 1988). (BT): bottom trawl. 

Tabla 11.-Caractensticas de las 11 colecciones de hembras de sardinas capturadas a lo largo de las costas 
del Cantdbrico occidental en la campafia del DEMP (abril-mayo 1988). (BT): amst re  demersal. 

Tim of day 
(hh.mm) 

19.34 
13.53 
17.52 
21.02 
20.44 
20. 13 
22.57 
19.18 
21.38 
18.00 
20.0.3 

1 Gar  

63.708 
81.326 
63.400 
78.450 
90.347 
84.280 
39.400 
99.324 
84.624 
93.640 
88.300 

BT 
BT 
BT 
BT 
BT 
BT 
BT 
BT 
BT 

l.ll!lrudp 
N 

43" 35.7' 
43" 41.8' 
43" 40.0' 
43" 46.0' 
43" 38.6' 
43" 36.8' 
43" 30.1 ' 
43O32.1' 
43' 28.7' 
43O26.7' 
43" 27.6' 

W 

06" 42.8' 
06" 19.9' 
06" 15.7' 
05" 42.0' 
05" .%.6' 
05" 23.7' 
04" 59.8' 
04" 55.8' 
04" 35.3' 
04" 23.5' 
04" 09.5' 
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(xtlbrtioii Dalf 
numhtr ( p m d d )  

38 880430 
39 880501 
40 880501 
41 880501 
42 880502 
43 880504 
44 880504 

Table 111.-Characteristics of the 7 collections of female sardine taken along the eastern Cantabrian coast 
during the DEPM Cruise (April-May 1988). (BT): bottom trawl. 

Tabla 111.-Caracteristicas de las 7 colecciones de hembras de sardinas capturadas a lo largo de las costas 
del Cantabrico oriental en la campafia del DEMP (abril-mayo 1988). (BT): arrastre demersal. 

Tzmu ./ d q  Awragr wary- IxlI l ludp LOlI@?ldv 
(hh.mm) Jrez q h t  fg) N W 

08.54 76.200 BT 43" 28.8' 03" 21.4' 
01.26 78.764 BT 43" 31.9' 03" 43.6' 
18.38 89.91 2 BT 45" 31.2' 03" 23.4' 
16.21 90.482 BT 43" 25.6' 03" 06.7' 
19.22 83.946 BT 43O28.2' 02" 55.2' 
14.55 87.644 BT 43" 21.4' 02" 17.7' 
18.42 95.386 BT 43" 22.0' 02" 15.7' 

(.iiibrttm 
numbrr 

4 
6 
8 
9 

10 
12 
1 3 

Table 1V.-Characteristics of the 7 collections of female sardine taken in the northern region of Portugal 
(north of Nazare) during the DEPM Cruise (March 1988). (BT): bottom trawl and (PT): pelagic trawl. 

Tabla IV.-Caractensticas de las 7 colecciones de hembras de sardinas capturadas a lo largo de la zona 
none de Portugal (none de Nazare) en la campaiia del DEMP (marzo 1988). (BT): arrastre demersal y 

(PT): arrastre pelagico. 

DatP f imu o/ &ly 
(pmmdd)  (hh.mm) 

880301 21.30 
880303 03.32 
880303 23.37 
880306 10.16 
880306 13.12 
880307 16.30 
880307 20.24 

i i ~ l l ~ c t t i ~ i i  
n umim 

1 
18 

40.24 
17.55 
32.42 
46.58 
48.47 
19.94 
26.14 

IxlIitudv L0@7& 
h: w Tim ig &ly Aueraq ouaq- G a r  

Dacr 
f p m m d d )  lhh. mm) free wight lg) 

880227 12.45 22.87 IT .W" 38.0' 09" 30.0' 
880325 2 1.58 48.75 BT 38" 22.5' 08" 58.9' 

BT 
BT 
BT 
BT 
m 
Fl- 
BT 

41 35.2' 
41'13.6' 
41' 09.0' 
41 02.6' 
40' 57.3' 
40" 21.1 ' 
40" 35.1 ' 

I Longitudv 
W 

09" 01. I ' 
08" 56.2' 
08" 56.3' 
08" 45.5' 
08" 54.0' 
09" 03.3' 
09" 02.1 ' 
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1 
0 

2 

Tdde VI.--Number of female sardine in differeni spawning and atresia states along the Galician coast 
diiring the DEPM Survey (April-May 1988). Legend: atresia states. (0): no alpha-a atresia of yolked oocytes, 

( I ) :  alpha-cu atresia i n  < 50 R of yolked oocytes and (2): alpha-cu atresia i n  > 50 B of yolked oocytes. 

T ~ l h  VI.-Xumero de hembras de sardina en 10s diferentes estados de puesta y atresia obtenidas en aguas 
dc. Ias costas de Galicia durante la carnpaiia del DEMP (abril-mayo 1988). Leyenda: estados de atresia. 
(0): no aparece atresia tipo 0: en 10s ovocitos vitelados, ( I ) :  atresia a aparece en menos del 50 ’% de 10s 

owcitos vitelados y (2): atresia cu aparece en miis del .io % de 10s ovocitos vitelados 

0 2 25 0 
O i O  0 0 0 0 0 
0 0 0 0 0 

0 0 0 2 25 

2 

Total 

1 
0 

2 

J 

Total 

0 2 25 0 
O i O  0 0 0 0 0 
0 0 0 0 0 

0 0 0 2 25 

6 

Totill 

0 
1 
2 

0 
1 
2 

8 

Toi;il 

0 0 0 3 3 0 
0 0 0 0 0 
0 0 0 2 2 

0 0 0 5 3 

0 0 1 ’ 0 1 0 
0 0 0 0 0 
0 0 0 0 0 

I 2  

Tot;il 

I 0 

13 

Tot.11 

0 I 0 1 ,  

0 
1 
2 

0 
1 
2 

o i o 0 0 1 -  0 -  To- 
0 0 0 1 1 
0 0 0 0 0 

0 0 0 1 1 

0 0 1 1; 1 
0 0 0 I: I 1 
O I O 1 O I 2 l  2 
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T.il)le VIl.--Numher of female sardine in differem spawning and atresia states along the western (:anta- 
hrian coast during the DEPM Suney (April-Mac 1988). Legend: atresia states. (0): no alpha-a atresia of 
yolked oocytes. ( I ) :  alpha-a atresia in < .iO %of ?olked oocytes and (2): alpha-cu atresia in > .i0 9 of volked 

oocy~es. 

1ahI:i VlI.--Nhmero de hemhras de sardina en 10s diferentes estados de puesta y atresia ohtenidas en 
: I ~ I I ; I S  de la wsta oeste del ( in t ibr ico  durante la camparia del DEPM (abril-niavo 1988). Leyenda: esrados 
de xresia. (0): no aparece atresia ripo cu en 10s ovociros vitelados, (1): atresia a aparece en nienos del .io 76 

de IOS ovocitos vitelados \ (2): atresia (Y aparec‘e en rnis del .io % de 10s ovocitos vitelados. 
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( : , J / /N / I~III  ' Afrrslu 
tl l l t t l /~?l  slalr 

21; 0 

1 

2 

Total 

2X 0 
1 
I I  

Total 
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1 
I I  
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1) I :1 I .i 20 0 
0 I I 9 5 
0 0 0 ( 1  0 

0 2 4 18 25 

I 0 1) 0 I 0 
0 0 0 0 0 
0 (1  0 0 0 
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Day4  (i i l /w/ioii A l T 6 2 U  

ni i i i i lm Sl& 

38 0 0 
1 0 
2 0 

Total 0 

39 0 5 
1 0 
2 0 

Total 5 

40 0 n 
1 0 
2 0 

TOGII 0 

41 0 0 
1 0 
2 0 

T h l e  VIlI.-Number of ternale sardine in different spawning and atresia states along the eastern Canta- 
briiiii coast during the DEPM Survey (April-May 1988). Legend: atresia states. (0): no alpha-a atresia of 
yolked oocytes, (1): alpha-a atresia in < 50 '7% of yolked oocytes and (2): alpha-a atresia in > 50 % of yolked 

oocytes. 

Tiilda VIII.-Nurnero de hembras de sardina en 10s diferentes estados de puesta y atresia obtenidas en 
spas de la costa este del (htabrico durante la campafia del DEMP (abril-rnayo 1988). Leyenda: estados de 
atresia. (0): no aparece atresia tipo a en 10s ovocitos vitelados, (1): atresia a aparece en menos del 50 % de 

10s ovocitos vitelados y (2): atresia a aparece en mis del 50 % de 10s ovocitos vitelados. 

~ ? - 2  Ivonspawning Tor. m a h r  TUI. hmaturt 
f . n a l c S  f h 4 Z l c S  fmh k y - 1  

0 0 1 1 0 
0 0 0 0 
0 0 1 1 

0 0 2 2 

5 4 4 18 0 
2 4 1 7 
0 0 0 0 

7 8 5 25 

5 3 12 22 0 
0 1 2 3 
0 0 0 0 

5 4 14 25 

7 2 7 24 0 
1 0 0 1 
0 0 0 0 

Total 

41 

Total 

0 4 3 2 9 

0 0 3 4 14 21 0 
1 0 0 0 3 3 
2 0 0 0 0 0 

0 3 4 17 24 
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Table 1X.-Number of female sardine in different spawning and atresia states in the northern region of 
Portugal (nonh of Nazark) during the DEPM Survey (March 1988). Legend: atresia states. (0): no alpha-a 
atresia of yolked oocytes, ( I ) :  alpha-a atresia in < 50 % of yolked oocytes and (2): alpha-cu atresia in > 50 ’% 

of yolked oocytes. 

Tabla IX.-Numero de hembras de sardi,na en 10s diferentes estados de puesta y atresia obtenidas en aguas 
de Portugal (none de Nuare) durante la campaha del DEMP (marzo 1988). Leyenda: estados de atresia. 
(0): no aparece.atresia tipo a en 10s ovocitos vitelados, (1): atresia a aparece en menos del 50 9% de 10s 

ovocitos vitelados y (2): atresia a aparece en mLs del 50 9% de 10s ovocitos vitelados. 
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Day-2 Nonrpauming Tot. maturp Tot. zmmaturt b , - O  Day-l (iillurtion Atreria 
niimlwr SIQLe fmh females f m k s  

1 0 0 2 1 6 I 5 0 
1 1 0 I 1 7 
2 0 0 0 1 1 

Total 1 2 2 8 23 

18 0 3 2 1 4 10 0 
1 1 1 1 1 4 
2 0 0 0 0 0 
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E h i i / .  w ( h l .  (iilioii 
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Table X.-Number of female sardine in different spawning and atresia states in the southern region of 
Ponugal (south of Nazare) during the DEPM Survey (March 1988). Legend: atresia states. (0): no alpha-a 
atresia of yolked oocytes, ( I ) :  alpha-a atresia in < .50 76 of yolked oocytes and (2): alpha-a atresia in > 50 % 

of yolked oocytes. 

Tdhla X.-Numero de hemhras de sardina en 10s diferentes estados de puesta y atresia obtenidas en aguas 
de Portugal (sur de Nazar6) durante la campafia del DEMP (marzo 1988). Leyenda: estados de atresia. 
(0): no aparece atresia tip0 a en 10s ovocitos vitelados, (1): atresia a aparece en menos del 50 % de 10s 

ovocitos vitelados y (2): atresia a aparece en miis del 50 % de 10s ovocitos vitelados. 

NMT1V;AI. 

North .%iiilh 

TOTAI. 

I 1 

0 9  I 
( O . O W 5 )  

0.1:3 0.08 0.19 0.12 0.14 
(0.014:?) (0.01 60) (0.0357) (0.090X) (0.0122) 
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